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thoracoabdominal aneurysm repair
Mark F. Conrad, MD, MMSc, Emel A. Ergul, MA, Virendra I. Patel, MD, Matthew R. Cambria, BS,
Glenn M. LaMuraglia, MD, Mirela Simon, MD, and Richard P. Cambria, MD, Boston, Mass
Objective: During a 24-year interval, we managed >90% of thoracoabdominal aortic aneurysm (TAA) repairs with a
clamp-and-sew (clamp/sew) approach supplemented with protective adjuncts, including renal hypothermia and epidural
cooling with aggressive intercostal reconstruction for spinal cord protection. A finite paraplegia rate led to operative
modifications using distal aortic perfusion (DAP) through atriofemoral bypass to support cord collateral circulation and
selective intercostal reconstruction based on motor evoked potential (MEP) monitoring. This study evaluated the effect
of DAP/MEP on perioperative outcomes.
Methods: Consecutive patients undergoing repair of nonruptured Crawford extent I–III TAA using DAP/MEP were
compared with propensity-matched patients treated with the clamp/sew technique. Outcomes included 30-day mortality
and paraplegia.
Results: There were 52 patients in the DAP cohort vs 127 undergoing clamp/sew. The DAP and clamp/sew cohorts
differed in age (62.6 vs 69.5 years, P  .0003), presence of Marfan disease (10% vs 2%, P  .01), and chronic dissection
(37% vs 8%, P  .001). Operative mortality was low (DAP, 2%; clamp/sew, 5%; P  .38). Postoperative renal
insufficiency, although doubled in clamp/sew (17%) vs DAP (8%; P  .10), was not significant. DAP patients had a
significantly lower incidence of intercostal reconstruction than the clamp/sew group (10% vs 34%, P < .0001), yet there
was no paraplegia in the DAP cohort vs 5% in clamp/sew (P  .11). The composite death/paraplegia rate was decreased
with DAP at 1 of 52 (2%) vs clamp/sew at 11 of 127 (9%; P  .01). Paraparesis with complete recovery occurred in 5 of
52 (10%) of the DAP group.
Conclusions: Elective TAA repair was accomplished with a low mortality in the DAP and clamp/sew cohorts. The use of
MEP in the DAP cohort (despite a higher spinal cord ischemic risk due to the number of chronic dissection patients)
decreased the need for intercostal reconstruction, with no paraplegia to date. DAP with MEP is the preferred operative
strategy for extent I to III TAA repair. ( J Vasc Surg 2011;53:1195-201.)
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iOverall results with surgical repair of extensive thora-
coabdominal aneurysms (TAAs) have improved consider-
ably since the benchmark report of E. Stanley Crawford’s
monumental experience.1 Whereas operative mortality was
in the 10% range and overall spinal cord ischemic compli-
cations were in the 16% range (half of whom sustained
devastating paraplegia), a variety of more contemporary
reports indicate considerable improvements in periopera-
tive mortality and spinal cord ischemia.2-6
During this evolution, there has been no consensus
regarding the optimal operative and technical strategies to
minimize mortality and the major complications of renal
failure and paraplegia. At one extreme are those who favor
a simplified clamp-and-sew (clamp/sew) strategy2,7 (until
recently, our own approach), whereas others have pro-
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doi:10.1016/j.jvs.2010.11.055oted the use of deep hypothermic circulatory arrest as the
ptimal protective strategy for extensive TAA repair.8
Most authors concur that hypothermic circulatory ar-
est is fraught with a variety of pulmonary and bleeding
omplications such that this approach should only be used
hen no other technical option exists to repair the aneu-
ysm.9 Perhaps considered in an intermediate position are
hose who favor partial left heart bypass to minimize renal
nd visceral ischemia, and more recently, to support the
pinal cord’s collateral network during the period of aortic
ross-clamp application.4,10,11
Most of the nuances that drive the technical conduct
f TAA repair are directed toward the prevention of
pinal cord ischemia; to wit, the abundance of adjuncts
hat have been championed to minimize this dreaded
omplication.12 To date, only cerebrospinal fluid (CSF)
rainage is appropriately evidence-based and used by
ost surgeons.13,14 Among other adjuncts, intercostal
essel reconstruction has been championed15 or rou-
inely practiced, or both, despite its empiric nature and
n evidence base limited to retrospective studies, includ-
ng our own.2,14-16 The alternative position with specific
espect to intercostal vessel reconstruction is that it is
nnecessary (related to the collateral network)11,17 and
xtends cross-clamp time and blood turnover. Indeed,
tudies that use motor evoked potential (MEP) monitor-
ng demonstrate that intercostal vessel reconstruction
an be selectively applied.10
1195
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May 20111196 Conrad et alInfluenced largely by Crawford’s teachings, our ap-
proach over a 20-year period relied on a simplified clamp/
sew surgical approach emphasizing operative efficiency and
expediency. In most cases, we avoided use of extracorporeal
circulatory support, adding the adjuncts of regional hypo-
thermia for spinal cord protection, renal hypothermic infu-
sion to prevent renal failure, and in-line mesenteric shunt-
ing to minimize visceral ischemia.18,19 This approach
produced favorable results, with an 8% mortality (5% elec-
tive cases), but a finite, approximately 8% level of significant
spinal cord ischemic complications.20
In an effort to further reduce spinal cord ischemic
complications, we modified our operative to include rou-
tine distal aortic perfusion through left atrial femoral bypass
with intraoperative MEP monitoring to dynamically assess
spinal cord ischemia during the operation.21,22 Further-
more, the anatomic demonstration of the collateral net-
work that supplies the spinal cord by elegant magnetic
resonance angiography studies led us to the concept of
intraoperative support of these collaterals with distal aortic
perfusion.10,11
The addition of MEP monitoring affords the surgeon
objective criteria to direct selective intercostal reconstruc-
tion and thus replaces the subjective application of or
routine posture toward intercostal vessel reimplantation.21
In this report, we assess the effect on perioperative out-
comes of this shift in operative strategy for the surgical
repair of extent I to III TAA. Excluded specifically are
patients treated for extent IV aneurysm, in whom a simpli-
fied operative approach has continued to produce very
favorable results.23
METHODS
Prospective collection of relative clinical and demo-
graphic data of all patients undergoing thoracic and TAA
repair has been our policy throughout the study interval
(September 1, 1989, to September 30, 2009). From this
database, consecutive patients undergoing repair of non-
ruptured Crawford extent I to III TAA were identified, and
patients with type IV TAA and isolated descending thoracic
aneurysms were excluded. Before July 2006, the clamp/
sew technique with specific protective adjuncts was used in
most cases.19,24 Our posture toward intercostal reconstruc-
tion mirrored the prevailing “majority opinion”; that is,
when technically feasible, intercostal reconstruction in the
T9 to L1 region was routine.15,16 Distal aortic perfusion
was reserved for patients with anticipated technically com-
plex proximal reconstructions or significant renal insuffi-
ciency, or both, and was used in some 10% of cases.20
Motivated by an effort to decrease the risk of spinal cord
ischemia, the primary approach to TAA repair was modified
in 2006 to include support of the spinal cord collateral
network during aortic clamping with distal aortic perfusion
(DAP) through an atriofemoral bypass and selective inter-
costal reconstruction based on MEP monitoring.
Clinical and demographic features were collected for
each patient. Pulmonary disease was determined by preop-
erative pulmonary function tests that were obtained on iost patients. An urgent operation was defined as presen-
ation with an acute aortic syndrome necessitating invasive
onitoring in an intensive care unit and operative repair
48 hours of admission. Patients with frank ruptures were
xcluded. Patients were considered to have chronic renal
nsufficiency if they had a creatinine concentration of 1.5
g/dL.
Clamp/sew with adjuncts. The clamp/sew tech-
ique is predicated on the principles of simplicity and
xpediency. Regional hypothermia through epidural
ooling was used to protect the region of the spinal cord
t greatest risk of ischemic injury during aortic clamping
epidural cooling has been used for spinal cord protec-
ion of types I to III TAA since July 1993), and all
lamp/sew operations were supervised by a dedicated
ascular anesthesia team. Details of the clamp/sew tech-
ique and the epidural infusion system have been previ-
usly reported.18,19
Patent intercostal vessels in the T9 to L1 region were
econstructed by means of a separate inclusion button or
ere preserved with a beveled anastomosis when techni-
ally feasible. Renal protection was initiated with a 250-mL
olus of renal preservation fluid (4°C lactated Ringer’s with
annitol [25 g/L] and methyl prednisolone [1 g/L]),
ollowed by a continuous infusion that maintained the renal
ore temperature at about 25°C.
In-line mesenteric shunting aimed at blunting the pro-
ound metabolic and hemodynamic disturbances that occur
fter restoration of blood flow to the mesenteric circulation
as accomplished through a temporary sidearm graft lo-
ated just beyond the proximal anastomosis (this graft was
versewn after re-establishment of prograde mesenteric
ow through the visceral inclusion button). A 20F to 24F
rterial perfusion cannula was attached to the sidearm graft,
nd immediately after completion of the proximal anasto-
osis prograde pulsatile perfusion, was established into the
eliac axis or superior mesenteric artery to minimize visceral
schemic time and its potential contribution to coagulo-
athic bleeding.24 After reperfusion of the lower extremi-
ies, epidural cooling was discontinued and continuous
assive CSF drainage was continued for 48 hours.
DAP with MEPs. Atriofemoral bypass was initiated
y cannulation of the left atrium through the left inferior
ulmonary vein, and the arterial return was through the left
ommon femoral artery. Flows were initially adjusted to
aintain distal mean perfusion pressures of at least 60 to 70
m Hg. MEPs were monitored by a dedicated neurologist
ho was able to address technical issues such as patient
esponse to anesthetic agents and electrode failure. Any
rue deterioration in MEP prompted an increase in the
timulus intensity or an increase in distal perfusion pres-
ures. A sudden drop in MEP amplitude occurring within 2
o 10 minutes or a sustained progressive drop within 10 to
0 minutes of 75% from baseline was considered signifi-
ant.22 If MEPs did not respond to the initial hemody-
amic maneuvers, reconstruction with an inclusion button
as performed. Sequential clamping, which varied accord-ng to lesion anatomy, allowed continuous renal and vis-
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Volume 53, Number 5 Conrad et al 1197ceral perfusion during the creation of the proximal anasto-
mosis. In-line mesenteric shunting, when deemed necessary,
was usually performed similarly to the clamp/sew tech-
nique,18 but split attachments from the bypass circuit (the
so-called octopus) were rarely used.
Outcome measures. Study end points included oper-
ative mortality, which was defined as any death30 days of
the procedure or any death occurring during the index
hospitalization. All patients were awakened in the operating
room after the procedure for an initial neurologic examina-
tion of the lower extremities. Patients who were suspected
of having spinal cord ischemia were evaluated by a neurol-
ogist. The degree of neurologic deficit was stratified by the
spinal cord ischemia deficit (SCID) score25 as previously
described, where SCID I corresponds with paraplegia or
flaccid paralysis and SCIDs II and III represent varying
degrees of paraparesis. Spinal cord injuries were classified as
immediate when noted as the patient awoke from anesthe-
sia, or as delayed when the patient was initially neurologi-
cally intact. A composite outcome of postoperative paralysis
and death was also evaluated.
Major complications were recorded by organ system.
Pulmonary complications included mechanical ventilation
for 72 hours postoperatively, reintubation, respiratory
failure requiring intensive care unit monitoring, pneumo-
nia, or need for tracheostomy. Significant renal failure
included postoperative creatinine levels 3.0 mg/dL in
patients whose baseline levels were within normal reference
ranges, or need for dialysis.26 Cardiac complications in-
cluded postoperative myocardial infarction and arrhyth-
mias such as atrial fibrillation.
Propensity matching. During the study period, 287
patients (all treated by the senior author [R.P.C.] between
1989 and 2009) potentially eligible for propensity match-
ing underwent repair of nonruptured types I to III TAA
(233 clamp/sew, 54 DAP). The clinical and demographic
features of the cohort before propensity matching are sum-
marized in Appendix A (online only), and aneurysm char-
acteristics are summarized in Appendix B (online only).
Before propensity matching, there was a significant differ-
ence in the distribution of Crawford extent between the
two cohorts (P  .0005), with a higher percentage of type
I in the DAP group and more type III in the clamp/sew
group (Appendix A, online only). In addition, patients in
the initial clamp/sew cohort were older and more likely to
have chronic obstructive pulmonary disease (COPD).
A logistic regression was performed to determine the
probability of a patient undergoing DAP vs clamp/sew. A
propensity score was then created based on the covariates of
age, gender, smoking, hypertension, dissection, Crawford
extent, urgent repair, diabetes, COPD, history of myocar-
dial infarction, previous aortic repair, chronic renal insuffi-
ciency, congestive heart failure, and history of Marfan
syndrome. Patients were stratified by propensity scores and
separated into quintiles for the purpose of matching. The
patients from quintiles 3 to 5 comprise the study cohort.
Additional statistics. Statistical analysis was per-
formed using 2 with or without Yates correction, Fisher txact test, t test, and Mann-Whitney test as appropriate.
ctuarial survival analysis was performed using Kaplan-
eier methods. A value of P  .05 was considered
ignificant.
ESULTS
After propensity matching, the study population in-
luded 179 patients (52 DAP, 127 clamp/sew). Demo-
raphic and clinical factors of the matched cohorts are
ummarized in Table I. The DAP group was younger than
he clamp/sew group, driven largely by a higher incidence
f Marfan syndrome. There was no difference in Crawford
xtent between the two groups; however, the DAP cohort
ad a higher percentage of aneurysms of chronic dissection
tiology (Table II).
Epidural cooling was used in 95 patients (75%) in the
lamp/sew cohort; this modality is not applicable in the
AP patients when MEP is used. There was no difference
n the use of in-line mesenteric shunting between the two
roups (46% clamp/sew vs 31% DAP, P NS). There was
significantly higher percentage of intercostal reconstruc-
able I. Comparison of demographic and clinical factors
ariablea
DAP Clamp/sew
P(n  52) (n  127)
ale gender 29 (56) 60 (47) .30
ge 62.6  12.7 69.5  10.7 .0003b
moking 39 (75) 101 (80) .51
iabetes 6 (12) 13 (10) .80
ypertension 46 (88) 113 (89) .92
istory of MI 5 (10) 20 (16) .28
OPD 11 (21) 33 (26) .50
rior aortic graft 14 (27) 39 (31) .61
arfan syndrome 5 (10) 2 (2) .01b
RI 4 (8) 8 (6) .74
HF 3 (6) 2 (2) .25
dmission Cr 1.2  0.33 1.2  0.45 .66
HF, Congestive heart failure; COPD, chronic obstructive pulmonary
isease; Cr, creatinine; CRI, chronic renal insufficiency; DAP, distal aortic
erfusion; MI, myocardial infarction.
Continuous data are reported as mean standard deviation; categoric data
re given as No. (%).
Statistically significant.
able II. Comparison of aneurysm characteristics
ariablea
DAP Clamp/sew
P(n  52) (n  127)
ype I 27 (52) 46 (37) .20
ype II 9 (17) 22 (17)
ype III 16 (31) 59 (46)
issection 19 (37) 10 (8) .001b
rgent 5 (10) 8 (6) .44
neurysm diameter, cm 6.23  0.68 6.34  0.92 .67
AP, Distal aortic perfusion.
Continuous data are reported as mean standard deviation; categoric data
re given as No. (%).
Statistically significant.ion in the clamp/sew cohort (34% clamp/sew, 10% DAP,
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May 20111198 Conrad et alP  .0001), reflecting a selective approach in the DAP
cohort to intercostal vessel reconstruction based on MEP.
The MEP did not change during cross-clamping in 34 of
the patients (67%), whereas 15 (29%) had early changes
with clamping that improved with an increase in stimulus
intensity or an increase in the distal aortic perfusion pres-
sure. In one patient (2%), reliable MEPs could not be
obtained, whereas two DAP patients (4%) had directed
intercostal vessel reconstruction in response to deteriora-
tion of the MEP that did not improve with manipulation of
the perfusion pressure or signal intensity. These patients
represent the only clear-cut cases of MEP deterioration
with clamping and DAP. Three patients underwent inter-
costal reconstruction at the surgeon’s discretion despite
adequate MEP.
The total operative time was longer in the DAP group
(409 95) vs clamp/sew (310 108 minutes, P .0001)
but there was no difference in total aortic cross-clamp time
(78  38 minutes in DAP vs 74  28 minutes in clamp/
sew, P  .52). The visceral ischemic time was significantly
shorter in the DAP cohort (38  22 minutes) vs clamp/
sew (51 13 minutes, P .0001) as was the ischemia time
to the left renal artery (36 44 minutes in DAP vs 58 24
minutes in clamp/sew; P .004). The average total blood
loss was significantly lower in the clamp/sew group
(2992  1997 mL) vs DAP (5408  3401 mL; P 
.0001), reflecting the considerable blood loss from back
bleeding segmental vessels when DAP is used.
The perioperative mortality was 2% in DAP vs 5% in
clamp/sew, which was not significantly different (P .38),
Fig. Kaplan-Meier estimate for survival of patients unde
distal aortic perfusion (DAP)motor evoked potential (
univariate analysis.
Time Group 0
At risk Clamp/sew 127
DAP  MEP 52
Survival, % Clamp/sew 96.1  1.7 87
DAP  MEP 98.1  1.9 93and although the total paraplegia rate was 0% in the DAP wohort vs 5% in clamp/sew, this difference did not reach
tatistical significance (P  .39). Any degree of spinal cord
schemia was similar between the two groups (10% DAP vs
1% clamp/sew, P  .90), mainly because of the 10%
ncidence of delayed paraparesis in the DAP cohort vs 7% in
he clamp/sew group (P  .42). Four of the five cases of
araparesis after DAP presented in a delayed fashion. All
atients with paraparesis showed neurologic improvement
t the time of discharge. The composite outcome of death
nd paraplegia was 2% in DAP, which was significantly
ower than the 9% in clamp/sew (P  .01).
There was no difference in overall complications be-
ween the two groups (DAP, 60% vs clamp/sew, 49%; P
19) nor was there a difference in renal (DAP, 8% vs
lamp/sew, 17%; P  .10) pulmonary (DAP, 42% vs
lamp/sew, 33%; P .25), or cardiac complications (DAP,
5% vs clamp/sew, 9%; P  .18). A trend toward a higher
ercentage of cardiac complications was noted in the DAP
ohort, but most of these were secondary to atrial fibrilla-
ion.
The 2-year survival was 93% in DAP and 82% in clamp/
ew, which was not significantly different (P  .12; Fig).
ISCUSSION
In any report of TAA repair, the inherent problems of
istorical or retrospective controls are prescient. Indeed,
he literature on TAA repair is replete with examples
herein inappropriate grouping of patients at widely dis-
repant risks for specific complications (especially spinal
ord ischemia) has clouded the ability to compare results
g thoracoabdominal aneurysm repair by clamp/sew vs
). The P value was determined by Mantel-Cox long-rank
2 3 4
102 95 85
9 4 1
2.9 81.9  3.4 77  3.7 0.7  3.9
3.8 93.2  3.8 93.2  3.8 93.2  3.8rgoin
MEP
1
111
27
.4 
.2 ith different operative strategies. It is evident that in the
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Volume 53, Number 5 Conrad et al 1199specific circumstance of spinal cord ischemia, aneurysm
extent has had a dominant effect on the risk of this dreaded
complication. Most authorities agree that spinal cord isch-
emia clusters especially around patients with extent II an-
eurysms.5 Patients with resection of the entire descending
aorta (ie, extent I and II TAA) are relatively at the higher
end of the risk spectrum5,21,27 compared with those who
have extent IV aneurysm and who should have a very low
risk of spinal cord ischemia. The latter is certainly verified in
a review of our most recent experience with extent IV
aneurysm patients, wherein we reported an overall risk of
spinal cord ischemia of 2.2%.23
This overall analysis is, however, further confounded by
the arbitrary designation in many reports of just what
constitutes an extent I and II vs extent III aneurysm. In our
reports, we have consistently used a rigid definition of
extent I and II aneurysm to include only those patients in
whom the entire descending aorta is resected, implying a
proximal aortic anastomosis in the region of the distal aortic
arch. Patients with lesser involvement of the descending
thoracic aorta have accordingly been classified extent III,
explaining the preponderance of extent III patients in our
overall experience. Others have applied more liberal defini-
tions to the designation of extent I and II aneurysms, and
accordingly, there are widely discrepant rates of extent I
and II lesions in clinical series reporting TAA repair.3,5
To create a best-matched cohort to assess the effect of
adoption of distal aortic perfusion, we used a propensity
matching strategy to compare patients at equivalent levels
of risk for the major complications of death and spinal cord
ischemia. This strategy, as detailed in Tables I and II, was
hardly perfect, because the overall effort was hampered by
small numbers of patients in the DAP group. However, in
the specific parameter of risk for spinal cord ischemic com-
plications, there was a trend toward a higher percentage of
extent I to II lesions and patients with chronic dissection in
the DAP group (Table II). Accordingly, at least as evi-
denced by aneurysm anatomy, the DAP cohort could be
considered to have a relatively higher risk for spinal cord
ischemic complications than the clamp/sew group.
The current study, specifically evolving from the
concept of the spinal cord’s collateral network as es-
poused by Jacobs et al4,10 and Griepp,11 indicates that
DAP to specifically support this collateral network and
maintain intraoperatively monitored MEP is the pre-
ferred operative strategy for surgical repair of extent I to
III TAA. The anatomic basis for this has been adequately
demonstrated. In contradistinction to prior studies using
selective intercostal vessel angiography,28 recent elegant
magnetic resonance angiography studies have (1) dem-
onstrated abundant collaterals to the great radicular
artery and (2) documented that most such collaterals
arise caudal to the distal aortic clamp (ie, from the
pelvic/hypogastric arteries).10
The specific comparison of this series is to our own
clamp/sew method with spinal cord protection by re-
gional hypothermia,19 yet the overall results of the DAP
cohort compare favorably with those reported from aany centers where operative mortality 10% is often
etailed.2,6,29 Our initial posture toward operative sim-
licity with the clamp/sew approach was borne of a
hilosophy that an expeditious operation with minimal
lood turnover would produce optimal results, particu-
arly in elderly patients. This premise has not held true in
he current series, because the higher blood turnover
een with extracorporal circulatory support appears to
ave improved our rate of paraplegia without increasing
he rate of early mortality. We emphasize that the afore-
entioned results reflect those achieved in centers of
xcellence; it is well documented in administrative data-
ase studies that open TAA repair is accompanied by
hat many would consider prohibitive elective 30-day
ortality of 19% to 22% in so-called real-world experi-
nce.30,31
Also evident is that we achieved minimal paraplegia
isk with significantly less reliance on intercostal vessel
econstruction. Although this study was not designed to
pecifically query the need for intercostal vessel recon-
truction, our current practice has been to apply the same
electively based on MEP monitoring during the opera-
ion.32 Indeed, only two patients in the DAP cohort
emonstrated major deterioration of MEP during se-
uential clamping of the descending thoracic aorta, and
ntercostal vessel reconstruction promptly restored the
EP.
Accordingly, there are likely some patients, identifi-
ble by MEP, wherein such specific intercostal vessel
econstruction is essential. Yet a selective approach as
emonstrated in this series has produced favorable re-
ults and also obviates the negative aspects of intercostal
essel reconstruction, including the late complication of
atch aneurysm.17,33 These data largely disprove the
otential worth of intercostal vessel reconstruction; de-
ayed deficits, all but in a single case being mild and
eversible in this series, may be alleviated by intercostal
econstruction.2
Furthermore, preserved MEP allows the surgeon to
efer intercostal reconstruction until all other components
f the procedure are completed. Clearly, this approach
elies heavily on accurate intraoperative MEP and the tech-
ical nuances thereof are not trivial.22 As emphasized by
thers and as applied in this series, a dedicated neurophys-
ology team to accomplish the MEP is an essential part of
his strategy.10
Our study does not specifically address the alterna-
ive approaches to TAA of totally endovascular repair34
r a hybrid operation. Few would doubt that as endovas-
ular repair advances, it will have a definite role in the
anagement of degenerative TAA and perhaps in aneu-
ysms of chronic dissection etiology. Yet, regulatory and
evice availability considerations, coupled with the sig-
ificant percentage of TAA patients with acute presenta-
ions, indicate that open repair will be the standard
pproach for the foreseeable future. Hybrid repair, ne-
essitating visceral debranching for genuine TAA, is yet
nother matter because the collective experience that has
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this approach.
Although an accurate comparison of patients’ risk pro-
files is largely impossible from a literature review, one
recent collective review detailed a 10% perioperative mor-
tality rate for elective cases.35 We have applied the hybrid
approach only in patients we considered unfit for an open
operation and detailed a 20% operative mortality.36 As a
result of this experience, we have largely abandoned this
approach and agree with Chiesa et al37 that typical compli-
cations of TAA repair have not been eliminated by hybrid
repair.
Limitations of the present study principally relate to a
small sample size in the DAP group. This, in turn, limited
the precision of the propensity matching to achieve truly
matched cohorts. Yet as detailed above, certain anatomic
characteristics of the DAP cohort (TAA extent and pres-
ence of dissection) indicate its potential higher risk, at least
for spinal cord ischemia.
CONCLUSIONS
The present study indicates that DAP with MEP has
produced superior perioperative outcomes for extent I to
III TAA compared with a clamp/sew technique with spe-
cific protective adjuncts. Inherent in this method is both a
selective, rather than arbitrary, posture toward intercostal
vessel reconstruction and continuous support of the spinal
cord’s collateral network by DAP. Despite significantly less
intercostal vessel reconstruction, spinal cord ischemia was
reduced to a minimum.
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May 20111201.e1 Conrad et alppendix B, online only. Comparison of aneurysm
haracteristics prior to propensity matching
ariablea
DAP Clamp/sew
P(n  54) (n  233)
ype I 27 (50) 57 (24) .0005b
ype II 9 (17) 37 (16)
ype III 18 (33) 139 (60)
issection 19 (35) 11 (5) .0001b
rgent 6 (11) 35 (15) 0.46
neurysm diameter, cm 6.3  0.67 6.7  1.2 .04b
AP, Distal aortic perfusion.
Continuous data are reported as mean standard deviation; categoric data
re given as No. (%).
Statistically significant.Appendix A, online only. Comparison of demographic
and clinical factors of all elective extent I to III
thoracoabdominal aneurysm before propensity matching
Variablea
DAP Clamp/sew
P(n  54) (n  233)
Male gender 30 (58) 96 (41) .06
Age 63.2  12.9 71.6  9.3 .0001b
Smoking 40 (74) 197 (85) .07
Diabetes 6 (11) 16 (7) .29
Hypertension 47 (87) 208 (89) .64
History of MI 5 (9) 45 (19) .08
COPD 11 (20) 107 (46) .001b
Prior aortic graft 14 (26) 75 (32) .37
Marfan syndrome 5 (9) 2 (1) .0003b
CRI 4 (8) 25 (11) .47
CHF 3 (6) 14 (6) .78
Admission Cr 1.2  0.33 1.3  0.60 .17
CHF, Congestive heart failure; COPD, chronic obstructive pulmonary
disease; Cr, creatinine; CRI, chronic renal insufficiency; DAP, distal aortic
perfusion; MI, myocardial infarction.
aContinuous data are reported as mean standard deviation; categoric data
are given as No. (%).
